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The introduction of uniaxial strain as a tunable parameter opened new exciting routes in the
investigation of the controversial topic of nematic order in condensed matter physics, finding a
natural application in the study of unconventional superconductors, where nematicity is proposed
to be strictly correlated to the emergence of superconductivity. In this work we access nematic
fluctuations in 1111 iron based superconductors by means of the strain-derivative of both the Seebeck
and the Nernst coefficients. We discovered that a universal Curie-Weiss-like behavior gathers the
whole nematic transport phenomenology above the structural transition, despite distinct transport
properties being differently affected by the carrier mobility. This finding, accompanied by a complete
insensitivity of the elasto-transport to the magnetic transition, revealed that the observed anisotropy
is not determined by an anisotropic scattering time induced by spin-fluctuations, but rather it band-
selectively probes the orbital order.
The investigation of nematic orders in solid state sys-
tems has been strongly boosted in recent times by the
suggestive hypothesis of their intimate link with the
emerging unconventional superconductivity in copper-
based [1, 2] and specially in iron-based superconductors
(IBS) [3, 4]. In the latters, the nematic order identifies
a lowering of the rotational symmetry characterized by a
tetragonal-to-orthorhombic structural transition, which
typically anticipates the formation of a time-reversal-
invariant magnetic order with additional signatures of
orbital ordering [3, 4]. Among the several ideas proposed
to understand the role of the nematiciy in IBS, a ground-
breaking intuition was to use the strain derivative of the
resistivity anisotropy as a sensitive quantity mimic of the
nematic order parameter [5, 6]. Experimentally, it was
realized by measuring the resistivity anisotropy induced
by the gentle uniaxial strain (∼ 0.0001 − 0.001) obtain-
able with a piezoelectric device. This allowed to reveal an
extended region of nematic fluctuations above the struc-
tural transition, where the crystalline symmetry is still
tetragonal, and to disentangle the electronic origin of the
nematic phase from a simple ferroelastic distortion both
in the 122 and in the 11 families of IBS [5–7]. The exclu-
sion of the lattice degree of freedom as the main driver
in favour of an electronic one, promoted the nematic or-
der to the same level of the other electronic instabilities,
i.e. superconductivity and density-waves. Therefore, in
a comprehensive scenario, it is probable that the fluc-
tuations at the origin of the nematic instability are the
same that determine the whole phase diagram of uncon-
ventional superconductors [3], justifying the strong ef-
fort dedicated to the understanding of the nematic phe-
nomenology. In this regard, the elasto-resistivity mea-
surements [5, 6] pointed out the investigation of transport
properties as a primary route to put light on nematicity.
However, fundamental questions remain in relation to the
detailed role of orbital and spin degrees of freedom in the
transport anisotropy, as well as concerning disentangling
the effects of anisotropic scattering from the orbital po-
larization.
In this work, we probe the transport nematic phe-
nomenology by means of the strain-derivative of ther-
moelectric coefficients, namely the Seebeck (S) and the
Nernst (N) effects, taking advantage of an innovative
experimental setup which combines a standard thermo-
electric measurement configuration, with the highly con-
trolled uniaxial strain offered by a piezoelectric device
(Figure 1a). This lets us exploit the higher sensitivity of
thermoelectric transport coefficients, with respect to re-
sistivity, in probing the Fermi surface details, the phase
transitions and the fluctuations of order parameters [8, 9].
Moreover, the different dependence of S and N on the
carrier mobility [8, 9] provides a unique tool to study
the role of the scattering time. To this end, we inves-
tigated two single crystals of LaFe1−xCoxAsO with x=0
and 0.035 [10, 11], respectively the parent compound and
an electron under-doped sample of the La-1111 family, so
far almost unexplored due to the lack of sizeable single
crystals. The study of this family is indeed crucial be-
cause it presents the highest critical temperatures [12]
and differently from other families of IBS, such as the
122, the 1111 exhibits a large temperature gap between
the structural and the magnetic transition [13], which is
indispensable to disentangle the origin of nematic fluctu-
ations.
Figure 2a shows the Seebeck coefficient S of the
unstrained parent compound. In the tetrago-
nal/paramagnetic phase S is generally relatively small
(<10 µVK−1), with negative sign down to T=175 K
where the signal crosses the zero and becomes positive.
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FIG. 1. a) Schematic of our experimental setup. The sample
is mounted on a piezoelectric device which expands or con-
tracts according to the green arrows. The thermal circuit is
realized with a heater and a cold foot connected to the thermal
mass. The temperature gradient is measured using a chromel-
Au thermocouple while two couples of electrodes measure the
Seebeck voltage ∆VS and the Nernst voltage ∆VN . The ap-
plied strain  is measured with a strain-gauge glued on the
back side of the piezo. b) The sample is oriented with the
tetragonal a-axis tilted of 45 degrees with respect to the piezo
straining axis. Fe1 and Fe2 are the iron atoms in the Fe-As
planes. c) Distortion induced by positive strain.
A steeper increase characterizes S for T below TS with
a development of a broadened maximum around T=75
K, consistent with available data on polycrystalline sam-
ples [14]. At low-T a second sign-change appears with
S again negative for T < 15 K. These multiple sign-
changes are generally attributed to the multi-band na-
ture of LaFeAsO, since in the basic diffusive scenario
the Seebeck coefficient reproduces the sign of the dom-
inant charge carrier [9]. However, one must be aware
that other possible mechanisms, such as drag effects or
energy-dependent scattering time, can contribute in de-
termining the signal sign [9, 15]. On the contrary, the
Seebeck coefficient of the unstrained x=0.035 compound
is always negative in the considered temperature range
and the amplitude reaches -20 µVK−1 around T=170
K. This behavior is consistent with the electron-doping
effect induced by the Co substitution which causes a gen-
eral increment of S in the negative direction.
Analogously, we measured the temperature dependence
of the Nernst coefficient for B=14 T (Figure 2b). In both
compounds N is positive in the whole temperature range,
consistently with a diffusive scenario where the Nernst
sign is fixed (positive in the superconducting-vortex con-
vention) and does not depend on the charge carrier type
[9, 16]. In the parent compound we observed a moderate
increase of N with lowering T from room temperature
down to TS , followed by an abrupt increase (up to 17
µVK−1) in the orthorhombic phase, likely caused by the
contribution of Dirac cone bands [9, 17, 18], as also pro-
posed for the 122 family [19–23]. Interestingly, the finite
N for T > TS is itself indicative of fluctuations in the
tetragonal phase [13], confirming the Nernst coefficient
as an extremely sensitive probe for the latter. In the
under-doped compound N is much smaller, with a max-
imal value of 0.9 µVK−1 around T=120 K and it does
not exhibit any sharp feature in correspondence of nei-
ther the structural nor the magnetic transition.
Figures 3a and 3b present the temperature dependence of
the strain derivative δ(∆S)/δ of the Seebeck coefficient
anisotropy ∆S=S()-S(=0) for the x=0 and x=0.035
compounds, respectively, obtained in the linear regime
of the low-strain limit (Inset of Figure 3a). First of all,
the magnitude of the effect is surprisingly large, con-
sidering that the maximal applied strain never exceeds
=0.0006. The main feature that appears for both the
samples is a peak in the T -dependence of δ(∆S)/δ. This
feature evidently corresponds to TS in the parent com-
pound [11] and we can naturally argue that also for the
under-doped compound it indicates the structural transi-
tion, at around TS=80 K. Noteworthily, no particular sig-
natures appear in correspondence to the magnetic tran-
sition temperature TN [11] neither in the x=0 nor the
x=0.035 compound. Even if a detailed investigation of
the ordered phase is beyond the purpose of this work,
it is interesting to notice that, for T < TS , δ(∆S)/δ is
finite and it diminishes in both compounds by decreas-
ing the temperature. In this region the crystal cell is
orthorhombic and the development of twin domains is
an established fact in many IBS. This means that for
free standing samples transport properties are averaged
over multiple-domains, rendering the global properties
in-plane isotropic. The main effect of the application of
uniaxial strain to this phase is usually attributed to the
partial detwinning of the domains, namely the domain
wall modification to uniform their populations, often
inducing large anisotropies in thermoelectric transport
properties[21, 22, 24]. However, in our measurements
the built-in strain caused by the mismatch in the ther-
mal expansion of the piezo device and the sample should
already drive the orientation of the domains during the
cooling down. Hence, it is reasonable that the observed
anisotropy for T < TS originates also from an intrinsic
process related to the nematic order. The existence of
different competing mechanisms, i.e. intrinsic nematic-
ity and domain detwinning, is also consistent with the
change of sign observed in ∆S in the orthorhombic phase
of some compounds of the 122 family [21, 22, 24], but this
aspect deserves further studies.
For T > TS , where the crystalline cell is tetragonal
and the system paramagnetic, δ(∆S)/δ remains finite
well above TS and it diminishes its absolute value by ap-
proaching room temperature. Our data are consistent
with a Curie-Weiss fit (red line) δ(∆S)/δ(T > TS) =
C/(T − T ∗), where C is a constant and T ∗, extracted
as a fitting parameter, is 130 ± 8 K and 35 ± 8 K for
the x=0 and x=0.035 samples, respectively. Interest-
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FIG. 2. Temperature dependence of a) the Seebeck (S) and b)
the Nernst coefficient (N) for two samples of LaFe1−xCoxAsO
with x=0 and x=0.035. The light-orange and the light-blue
areas indicate the regions where the structural transition has
already occurred but the magnetic one is not established
yet for the x=0 and the x=0.035 compounds, respectively.
The dark-orange and the dark-blue areas indicate the regions
where the long range structural and magnetic ordered states
are both established. The dark-orange area, partially covered
by the blue area, is indeed extended down to T=0.
ingly, this behavior was previously detected in the con-
text of elasto-resistivity measurements, where T ∗ is gen-
erally interpreted as the mean field electronic nematic
critical temperature and the temperature relaxation to-
wards room temperature is interpreted as the presence
of large nematic fluctuations above TS [5, 6]. Unlike pre-
vious reports [5–7, 25], we obtained an analogous Curie-
Weiss behavior for T > TS even in a crystal of BaFe2As2
[11], explainable in terms of different experimental con-
dition, namely zero strain-limit vs large finite strain.
The relative separation of TN and TS in our com-
pounds allowed to fix the beginning of the relaxation of
δ(∆S)/δ (associated to the onset of nematic fluctua-
tions) exactly at TS , while apparently nothing happens
in correspondence of TN . This suggests that the spin de-
gree of freedom is not directly coupled to the observed
anisotropy, leaving room to the orbital polarisation as
the main source of the anisotropy in transport. In this
regard, we point out that the sign and the amplitude of
δ(∆S)/δ are completely independent on the sign and
the amplitude of S for the unstrained sample. In fact,
δ(∆S)/δ monotonically decreases for T > TS in both
the compounds while S exhibits a broadened minimum
at around T=230 K and T=170 K for the x=0 and the
x=0.035 sample, respectively. Remarkably, in the parent
compound S even crosses the zero value and changes sign
at around T=175 K, while δ(∆S)/δ remains finite and
positive. According to the Mott relation [9, 21], S gener-
ally changes polarity depending on the dominant carrier-
type, admitting S=0 in case of hole-electron compensa-
tion. This indicates that the observed phenomenology
of S is likely caused by the well established multi-band
nature of this material [12]. Hence, the observed mis-
match in the temperature dependence of δ(∆S)/δ and
S suggests that the Seebeck coefficient anisotropy in the
low-strain limit does not regard equally the whole band
structure, but must be referred only to some particular
bands whereas others remain isotropic, as also conjec-
tured for the 122 family [22].
Figures 3c and 3d show the strain-derivative of the Nernst
effect δ(∆N)/δ as a function of T in the two compounds,
where ∆N=N()-N(=0) (Inset of Figure 3d). As in
case of the elasto-Seebeck effect, also δ(∆N)/δ presents
a clear transition in correspondence of TS . Interest-
ingly for T < TS , in the parent compound, δ(∆N)/δ
increases by decreasing the temperature, while in the
under-doped compound, it diminishes. This opposite be-
havior supports the idea that the transport anisotropy
does not equally regard the whole band structure. As
already mentioned above, the orthorhombic phase of the
parent compound is characterized by the appearance of
Dirac-cone-like bands close to the Fermi level, rapidly
suppressed by the Co-doping, as demonstrated for the
122 family [20, 26]. Hence, the observed enhancement of
δ(∆N)/δ below TS for the x=0 sample, suggests that
this peculiar band could be the responsible of this be-
havior. In fact in the doped compound, where the Dirac
band is expected to disappear, δ(∆N)/δ decreases for
T < TS , corroborating this latter notion.
For T > TS , where nematic fluctuations are expected,
δ(∆N)/δ remains finite well above TS and monoton-
ically relaxes toward room temperature for both com-
pounds in a Curie-Weiss-like fashion (Figure 3c and 3d).
The corresponding T ∗ are 133±8 K and 30±8 K for the
x=0 and the x=0.035 compounds respectively, in good
agreement with the values found by analysing δ(∆S)/δ.
In this context, we would like to stress the high sensitiv-
ity of our technique. In fact, while the Nernst coefficient
of the parent compound remains sizeable in the whole
temperature range, N in the x=0.035 compound never
overcomes the value of 0.85 µVK−1 and its variation with
the maximum applied strain is in the order of 0.1 µVK−1.
Nevertheless, by acting on the strain derivative we have
been able to find out a clear trend in the δ(∆N)/δ vs T
curve.
Among the available models to explain anisotropy in
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FIG. 3. a) and c) Strain derivatives of the Seebeck coefficient δ(∆S)/δ of the LaFe1−xCoxAsO compounds with x=0 and the
x=0.035, respectively. b) and d) Strain derivatives of the Nernst coefficient δ(∆N)/δ of the x=0 and the x=0.035 compounds
respectively. The red solid lines represent the Curie-Weiss fit for T > TS , while the blue dotted lines are guides for the
eye. See caption of Figure 2 for the meaning of the coloured areas. Inset a) Strain-dependence of the Seebeck anisotropy
∆S = S() − S( = 0) for a single crystal of LaFeAsO at T=155 K and T=200 K. Inset c) Strain-dependence of the Nernst
anisotropy ∆N = N()−N( = 0) for a single crystal of LaFeAsO at T=157 K and B = ±14 T.
transport properties, a pure spin-nematic scenario has
been proposed, in which for T > TN , an Ising-nematic
order causes the anisotropy of magnetic fluctuations asso-
ciated to the magnetic ground state, while for T < TN an
anisotropic scattering rises naturally from the magneti-
cally ordered phase [27]. Alternatively, within an orbital-
nematic picture it has been theoretically predicted that
the strong anisotropy observed in both resistivity and
thermopower for T < TS can originate from orbital-
dependent spin fluctuations [28]. In both these sce-
narios, the transport anisotropy is likely determined by
an anisotropic scattering time due to anisotropic spin-
fluctuations (magnetically or orbitally induced). How-
ever, this hypothesis is not corroborated by the obser-
vation of a Curie-Weiss like behavior in both δ(∆S)/δ
and δ(∆N)/δ, which resembles the existing results on
the elasto-resistivity [5, 6]. In fact, S and N are in prin-
ciple very differently influenced by the electronic scatter-
ing time. This can be intuitively understood by consid-
ering the simplest formulation for S and N as derived
from the Mott relation, where one can easily find that
S ∝ T/EF and N ∝ µT/EF , with EF the Fermi energy
and µ the mobility[8, 9]. Although this represents an
oversimplification for our compounds, where many dif-
ferent factors can play a role (i.e. multi-band character
and electronic correlations), it suggests that a scattering-
time-driven mechanism must influence S and N in a very
different way, since the Nernst coefficient directly de-
pends on the carrier mobility. Hence, the observation of
a universal Curie-Weiss-like behavior strongly supports
that the elasto-transport effects, intimately linked to the
nematic fluctuations, are not related to an anisotropic
scattering time, but they are rather caused by an intrin-
sic electronic property of the material, namely an orbital
polarization leading to unequal orbital populations and
anisotropic Fermi velocities [29, 30]. In addition, in case
of a spin-fluctuation-induced anisotropic scattering time,
we would expect δ(∆S)/δ and δ(∆N)/δ to be peaked
5or at least strongly affected by the magnetic transition,
where the long-range spin-structure starts relaxing, while
we have demonstrated that only the structural transition
clearly affects those properties. This further supports
that the transport anisotropy is not directly coupled to
the spin-degree of freedom leaving room for an orbital
polarization as the probable cause.
In conclusion, by means of the strain-derivative of the
Seebeck and Nernst effect, we demonstrated that the
anisotropy in transport properties, one of the main man-
ifestations of the nematic phenomenology in IBS, is di-
rectly coupled to the orbital degree of freedom rather
than determined by spin-induced anisotropic scattering
time. Noteworthy, this is not in contradiction with a
spin-nematic scenario in which the orbital order itself is
fostered by spin-fluctuations, but it stimulates further in-
vestigations in this direction. Moreover, it is expectable
that our surprising finding of a unified Curie-Weiss like
elasto-response in the tetragonal phase for both electric
and thermoelectric transport properties and the indica-
tion of a band-selective anisotropy will also trigger novel
theoretical insights.
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